ABSTRACT
Numerous observations that infertility may result from immunization with sperm (see Menge 1970 ; Metz 1972 for recent reviews) have provided the impetus for attempts to fractionate these cells and to isolate the antigenic component(s) responsible for this effect. In simplest terms, the logical basis for such experimentation derives from two primary considerations. In the first place, spermatozoa are cells foreign to the female. Therefore, any unique macromolecular constituents of sperm would be expected to induce antibody formation which, in turn, could be followed by reduced fertility. Reports of immune sensitization of women by spermatozoa (Davajan et al. 1972) , as well as of experimentally produced infertility in laboratory animals (cited in Metz 1973 ) support this contention. Similarly, in the male the germinal epithelium is isolated from the body's immune system, presumably by the blood-testis barrier (Dym Sc Fawcett 1970; Vitale el al. 1973 ). This suggests that antibody formation could be provoked by sperm specific proteins. Such autoimmunity to spermatozoa has been observed in a number of mammalian species (reviewed by Bishop 1970) and is especially pronounced in the guinea pig. Immunization causes an aspermatogenesis characterized by germinal epithelium breakdown consistent with a delayed type of hypersensitivity response (Bishop 1970) .
In spite of these provocative findings on the immunogenic capacity of the male gamete, progress in this field has been limited and several key problems remain before our understanding of infertility attributed to immune responses is more than speculative. Prominent among these problems is one of purifying and characterizing the antigens involved. It follows that well characterized functional enzymes selected in the presently available context of information concerning specificity to spermatozoa, represent particularly attractive anti¬ gens for detailed investigations into immune phenomena and fertility.
Sperm specific enzymes
There is now compelling evidence that a unique isozyme of lactate dehydro¬ genase, LDH-X, is completely specific to mammalian spermatozoa. In the present paper I shall present some of our findings concerning the effects on fertility of immunization with LDH-X. First, however, data from other in¬ vestigators which strongly suggest sperm-specificity for the acrosomal proteinases and hyaluronidases will be reviewed.
There is indirect evidence that acrosomal hyaluronidase may be sperm specific. It is generally assumed that the lytic action of this enzyme on inter¬ cellular hyaluronic acid (Mann 1964 ) is required for dispersion of cumulus cells surrounding the ovum. Studies by Zaneveld el al. (1973«) reveal that the biochemical properties of a partially pure hyaluronidase preparation from bull sperm acrosomal extracts correspond to those reported for the testicular en¬ zyme. In addition, analyses with antisera to acrosomal extracts and to the testicular hyaluronidase indicate immunochemical similarity of these prepara¬ tions. Tissue specificity was suggested from the work of in which antibodies induced in rabbits by human semen completely in¬ hibited human semen hyaluronidase, but had no effect on human serum hyaluronidase. Metz et al. (1972) (Menge 1968 results in part at least from production of specific antibodies to hyaluronidase Metz 1973) 2, 5, 7, 9 and 11 show the isozyme pattern after antiserum treatment of the appropriate extract. Gel 3 is a diaphragm extract. All of the extracts were adjusted to contain the same total LDH activity prior to electrophoresis.
1,2, human; 3-5, hamster; 6, 7, guinea pig; 8, 9, rabbit; 10, 11, rat. ( From Goldberg 1971) .
acrosin inhibitors can prevent fertilization (Zaneveld et al. 1970 (Zaneveld et al. , 1971 (Sosa et al. 1972) . Testicular sorbitol dehydro¬ genase may be isoantigenic in the guinea pig, and cause aspermatogenesis (Bishop 1970) Markert 1968 , for review).
Uniqueness of the C subunit is reflected biologically in the remarkable temporal and spatial specificity of its synthesis. LDH-X is the homotetrameric product of C subunit assembly which takes place only in the primary spermatocyte and just prior to the first meiotic division. As a consequence, LDH-X is truly a sperm specific enzyme, and in fact, accounts for at least 90°/o of the LDH activity of spermatozoa.
The preparation of crystalline LDH-X from mouse testes is now a routine procedure in my laboratory (Goldberg 1972) . Basically, the protocol exploits (Goldberg 1971 (Goldberg , 1972 (Kolb et al. 1970 ) and man (Svasti, in preparation), as well. LDH-X may also be purified by affinity chromatography Fig. 2 shows a single precipitin line of identity with LDH-X antiserum tested against mouse testes extract and purified LDH-X. In Fig. 4 (Lerum Sc Goldberg 1974 ).
Immunization and fertility
Previously, I reported a highly significant reduction of pregnancies in rab¬ bits immunized with mouse LDH-X (Goldberg 1972 ( 5) The equivalence point of the serum was determined as described in Goldberg (1971 For details of methodology see Goldberg (1973) .
1 No. animals in parentheses.
2 Blastocyst/C. L. or Implants/C. L. Voisin: Have you any data on LDH-X in guinea pigs? Goldberg: Guinea pigs do have LDH-X. They are rather interesting in that the guinea pig testis has C4, C;ÎA and C2A2. In most species, synthesis of the A subunit seems to be turned off at about the same time or just prior to the onset of C subunit synthesis. In the guinea pig, apparently some A subunit is being synthesized and it can combine with C to form heterotetramers. It is interesting to note further that the C4 molecule is extremely stable. The heterotetramers are quite unstable and so if you look at guinea pig sperm, you find only C4, but not the heterotetramers which are present in the testis. This is as much as we know about it other than that guinea pig LDH-X is homologous with that of other mammalian species. Voisin: Concerning alloantibodies, have you any data whereby allo-and autoanti¬ genicity of LDH-X would have been studied in mouse sera by classical immunological tests, such as passive haemagglutination, complement fixation and passive cutaneous anaphylaxis? puberal testes and testes from humans in which spermatogenesis had ceased, LDH-X was absent. In guinea pigs, which we made aspermatogenic by injections of guinea pig testis extracts in Freund's adjuvant, LDH-X disappeared from the testis. When the germinal epithelium breaks down, LDH-X disappears.
